The cfr gene encodes the Cfr methyltransferase that primarily methylates C-8 in A2503 of 14 
tag was added. The plasmids encoding inducible Cfr-likes or RlmN-likes were constructed 123 by PCR amplification of the genes from genomic DNA or synthetic genes followed by 124 cloning into plasmid pLJ102 (31) for expression of the proteins. The Brevibacillus brevis 125 gene GI 226313314 (nlbb) was amplified for cloning by a two step PCR amplification. First 126 PCR on genomic DNA using the primers 5' CCACCCATACCATCTGCTAC 3' and 5' 127 AAATGCCACTCCTTTGCC 3' and then a second PCR adding NdeI or HindIII sites for 128 cloning with the primers 5' GGATGTGGAGATCATATGCCGTTAACGACATTTAC 3' 129 and 5' CGATTTCCAAAGCTTCACCCCACGGTTTC 3'. The PCR fragment was then 130 cloned as previously described (7) to construct pBbRlmN ( Table 2 ). The construction of 131 pRlmN with RlmN from E. coli was done similarly. The synthetic genes were similarly 132 cloned directly from the plasmid provided by Genescript (Piscataway, New Jersey, USA). 133 pClCs contains a coding sequence for ClCs identical to the coding sequence from 134
Clostridium sporogenes (GI 187776707) and pClPa the coding sequence for ClPa from 135 standard markers. Gels were run at 180V and then stained with Brilliant Blue G. 146
147

Antibiotic susceptibility testing of strains 148
Drug susceptibility testing was done essential as described previously (7) using a microtiter 149 plate format and measuring optical density values at 450 nm with a Victor 3 150 spectrophotometer (Perkin Elmer). Overnight cultures in LB were diluted to an OD 450 value 151 of 0.01, followed by mixing of 100 µL diluted culture with 100 µL of antibiotic solution in 152 a series with two-fold concentration steps. Expression of the cfr and cfr-like genes was 153 induced at the dilution step by adding 1 mM IPTG to all samples. The plasmids encode a 154 gene for a repressor (LacIq) of the IPTG inducible promoter, which keeps the gene silent 155
without IPTG addition. The tested concentration ranges were: florfenicol, 0.5-32 µg/ml; 156 clindamycin and linezolid, 2-128 µg/ml; tiamulin, 0.25-128 µg/ml; and Synercid, 1-64 157 µg/ml. The MIC was defined as the drug concentration, at which the growth of the cultures 158 was absent after 24 hrs incubation at 37˚C. with an oligodeoxynucleotide complementary to the region around A2503, followed by 175 digestion with mung bean nuclease as described in (32). The oligodeoxynucleotides used 176 had the sequence GCC CCA GGA TGC GAC GAG CCG ACA TCG AGG TGC CAA 177 ACC TCC CCG CC for Thermus thermophilus, GCC CCA GGA TGC GAT GAG CCG 178 ACA TCG AGG TGC CAA ACC TCC CCG TCG for Bacillus subtilis, and GCC CCA 179 GGA TGT GAT GAG CCG ACA TCG AGG TGC CAA ACA CCG CCG TCG for E. coli. 180
After sub-fragment purification, the RNA was digested with RNase T1 for MALDI Time-181 of-Flight mass spectrometric analysis as previously reported (33). Briefly, 1-2 pmol rRNA 182 sub-fragment were RNase T1 digested to completion and analyzed directly using 3-183 hydroxypicolinic acid as matrix. Mass spectra were recorded in positive ion mode with a 184 reflectron are present on the chromosome of some bacteria in the Bacillales order (7). This study also 202 clearly shows the proteins are alignable across their full lengths, with some specific 230 differences. 57 amino acids are strongly conserved for both classes (indicated by grey 231 shading in Figure 1 ). 13 amino acids are specific and conserved for each class and these are 232 boxed in Figure 1 . These differences are likely to be associated with important functional 233 differences between the Cfr and RlmN families. The reduced alignment of the RlmN family 234 was used to create a cut-down version of the RlmN plus Cfr family tree, presented in Figure  235 2, that also include newly added Cfr-like sequences from the NCBI nr database. The tree 236 shows a clear distinction between Cfr-likes and RlmN-likes and an early divergence of 237 eukaryotic Cfr-like sequences. Also to be noted is the divergence of clostridial Cfr-like 238 proteins that will be discussed below. To functionally test our hypothesis based on phylogenetic classification of Cfr sequences, 292
we cloned genes from Paenibacillus and Clostridium (see details in Table 1 ), expressed 293 them in E. coli and investigated resistance. The first experiments to isolate the genes 294 starting from genomic DNA from the hosts failed, and therefore synthetic genes coding for 295 the same proteins were used and cloned in a plasmid behind an inducible promoter as 296 previously done with the S. sciuri cfr gene (9, 22). The plasmids named pClPa (with cfr-297 like Paenibacillus gene) and pClCs (with cfr-like Clostridium gene) (Table 1) were 298 transformed into E. coli AS19 (29) that shows an increased sensitivity to most antibiotics. 299
In the expression system used protein production is strongly dependent on addition of IPTG 300 as previously shown by primer extension analysis for Cfr (22). Also, there is no significant 301 growth effect from IPTG induction as well as only a very minor effect of the presence of 302 the plasmid (data not shown). Expression was investigated by SDS gel analysis and as 303 shown in Figure 4A , strong protein bands appear with expression of ClPa and ClCs -the 304 Cfr-likes from Paenibacillus and Clostridium (Table1). The ClPa protein appears at a lower 305 mass than expected, but its identity was verified by peptide mass fingerprinting (data notdoes not mediate MIC changes. The RNA methylation at A2503 in 23S rRNA was also 316 checked by primer extension as in our previous study (7) to prove the relationship between 317 modification and phenotype. This was done by transforming the plasmids into JW2501-1, 318
an E. coli RlmN minus strain (30) (as the inherent m 2 A methylation mediated by RlmN 319 causes a minor primer extension stop at A2503 that interferes with detection of the m 8 A 320 methylation from Cfr-like enzymes). The analysis is presented in Figure 4B and shows a 321 clear stop at A2503 of 23S RNA from ClPa containing E. coli JW2501-1 in line with the 322 resistance observed in the MIC experiment. The stronger stop in the Cfr-encoding strains is 323 consistent with the higher resistance observed in these strains (Table 2) . Finally, the exact 324 Table 1 ) in a similar way and investigated its function. As a control we also cloned the E. 375 coli rlmN gene in the same way. NlBb coded by nlbb was investigated as described abovehave yet no indications of the direct origin of the Cfr that has been found in clinical and 386 veterinary samples. According to our previous study (7), and the present phylogenetic 387 analysis and the ClPa data, there are natural Cfr-likes in Bacilliates but apparently not 388 widespread beyond that. The function of the clostridial Cfr-likes remains an unresolved 389 question. It is worth taking into account that the databases only represent a tiny part of the 390 diversity of bacterial life, and this information is biased from the interest of academia and 391 industry. It is likely that more Cfr and Cfr-like sequences will be revealed with future 392 genome sequencing. 393
394
The rlmN-like genes seem to be widespread in bacteria, with additional divergent 395 paralogous groups of unknown function. At present, Cfr is the only paralogous subgroup 396 within the RlmN-like family tree with known function. The phylogenetic analysis also 397 revealed two particularly taxonomically limited groups (highlighted by yellow boxes in 398 family tree is also likely to have contributed. With the new knowledge about the dual 409 specificity of RlmN mediating m 2 A2503 on 23S rRNA and m 2 A37 on tRNA (15), one 410 might speculate that the main substrate is tRNA for some RlmN-like enzymes. It is also 411 possibly that Cfr has one or more additional molecular targets. Another interesting question 412 is which part of the enzymes accounts for the specificity. We need more studies to obtain 413 knowledge about the specificity of the various enzymes to clarify their exact function, 414 target and dissemination. 415
416
Concluding remarks 417
It is not obvious where the cfr gene circulation on plasmids and transposons came from or 418 how it evolved. Our analyses suggest that cfr-like genes are limited to a small subset of 419 bacterial species. However, their presence in known pathogens, their mobility and their 420 action against multiple antibiotics even in heterologous systems makes them a matter of 421 concern for antibiotic resistance. The similar rlmN genes, that do not confer significant 422 resistance, are abundant but it remains to be established if they all have the same targets or 423 whether there is diversity towards 23S rRNA, tRNA and even other RNAs. The Cfr-and 424
RlmN-specific conserved sites provide a very good indication of whether a gene is Cfr-like 425
or RlmN-like. The classification can then be verified by phylogenetic analysis, as we have 426 carried out in this study. induced by IPTG. Lanes 9-12 marked C, U, A, and G refer to dideoxynucleotide Table 1 .
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